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Abstract: 

JP 2000332009 A 



NOVELTY Oxide film is formed on the surface of semiconductor layer. Microwave is irradiated on the surface of the 
oxide film in presence of nitrogen gas in the atmospheric gas for performing nitriding of oxide film surface by nitrogen 
molecules, nitrogen ions and nitrogen atoms in the excited state in the nitrogen gas. Partial pressure ratio of nitrogen 
gas in the atmospheric gas is set to 90% or more. 

DETAILED DESCRIPTION An INDEPENDENT CLAIM is also included for the p-type semiconductor device 
manufacturing method. 

USE For manufacture of p-type semiconductor device. 

ADVANTAGE Realizes stable plasma nitriding operation and prevents the bad influence of ionization promotion gas 
on the oxide film. Prevents the reduction of characteristics such as current drive capability of the semiconductor device. 
Avoids the fluctuation of the threshold voltage of PMOS semiconductor device. 

DESCRIPTION OF DRAWING(S) The figure shows the model partial cross-sectional view of the insulation film 
formed on a semiconductor substrate. 
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MSit^^r-f-SCMO S F E TIC 33 ("7 5 pf 
OSFET) KT> ->P^V^li20ffflI 

[0045] ^nwm^ Ao>9Mt«maimmit. it* 
i6)^«f^nfc^ffi}co-sw«jg(ofife<k^3 o mm 
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jgA-rSfc4t>roXf^3»AgP3 2 t, iMk*p3 o*»b«s: 
#*&tA/#*£WMir5;#*t/M!Cg|S3 3 t, SiC))^ 

Affl54 0 i, a6tR»aA«J4 o^a**^*©^^^ 

^Sr®A-r5fc^c07yxJ§AS54 l S«iRWA«P4 
'0*»b^«r*ftl+«^#«C«f|54'2i:, Kft^3 0t 
S«*tHA»4 o b*it91&i'?y*-3 5 ->y=» 
2 0 Sr^tfttF 3 0rt^^AWi-57t*O^ 

a^SSSWf;*^ 121=5 1. %*m& 3 1 
S.^^^AgP3 2&-frL.xmikfp3 Oft\Z.mXZiX 
5„ ft, #*ffi&3 lit. -*tf«3ft©SWfc*F3 OOrt 

[0 0 4 6] [Ig-10 0] ftf, y^K-T'Lfc 
tl8-fyf©Niv/y3yi)i^ (c ztetr-cfl^) 
ffcS.v'!) =^^»:*tS2 0^ ^CiMtLOC 

M-f^->ffiA^fT5o ffl, *-T-»«W«H:hwv^l|JS 
Srf LT^TtiV^L, L O CO Sffiiti h UV^flliS 
<75#I^-g-fc>-arT*fcoTt><tV\ twf, RC AifcrfHCJ: 

I? > y a >¥m#&& 2 o (DmMnw&^&m^mk 

y 3 v^fis:StR2 0©aiBn£rgim£-a:3 (H2<7) 
(A) #Sg) „ ffi, v-y =^¥-*ft:Ste2 oco^ffifi^ 

[0 0 4 7] [Ig- 1 10] SSf 52, 5 0 , 

iaf5i, x*m.&3 i^t>'7/^®Agi5 3 2^uti 
-oxmttps o»#is^a«Sr 7 ^o o' CHfrmi-^-r 

[0 0 48] [18- 1 2 0] ^-LT, S«ttJAtH&|54 
0^->^ 2 0 <DJKA#5£T Lfcm, 121 
^Lfci^jp&W*, Sffi«RAttiSP4 0JC^^ASB4 l 

AttiSM Ortro®?^^^SSSr^e = ^-U, mS^^-ji 
ft^fsi^fj i oOp pmJWTir^o/-c/,C"b«, S«j»A 

•5„ *(DVk. ->-V 5 Sr^#, j.i^-;?$$#4 

3^f^Sft^-ar-C^^^- h 4 4^r±#$-fr x ->y=>v^ 
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[0049] [is- 130] *<nm, mmxxwm^L 

(omVctFZ 0<z>#ffl5lCi&8S:#M&U 8 0 0-90 0" 

Cit5 0 ^Lt, Ef 5 2, 5 3^LtiM5 0 

£^X±f8.LtzM&.tfx&, 5 1, ^/^gfc3S3 IS 

^3 37^(b#H^t5o rtlCJ:oT v WiOiffi 
{^^h:fll^^^^^) 0 fl&tfj^te, i/y 

7 0 0 — 9 0 0° c^^^i-^> 0 

[0 0 5 0] [Ig- 1 4 0] ^fScOjp^, mZ-teWZ 
2nm«MS:MLtt > IiS5 0rt^i|jf 

Cli^^W^^^iAli^f), W3 0 

<— ^1^tg4 3 ^tdf^^^T^r^^- h 4 4 £TP££ 

2 o^^ta-r^o 

[0051] [is-i 5 o] i/y=i^»S 

«A^1 6 0^*0,51^1 O^li^^iAt^o W 

^Fd^I 5{--C£j&L/c 1 GHzM 1 0 0GH z 
(DT^fafe (0iJx.fi, 2. 45GHz^^d» 
£ W ^ n S^&t 1 1 4 Lt^lt 1 0 <D^y X-? 

l o 0%^bj5£5#ia^^^tc^-f > PiSS:fiBt+i- 
5: £KJ:oTl:i£oa; (1-1) ~ (1-4) <£>S/£ 

J£i o Bk:£i|igU *ft«SoaB6^»tSn*« :H 

H2<£> (B) fc*StWU:*H-. r*h HKfc^TligKtlBS 
T^ll^l^M"^ fS4, v/ynyf^gg2 0M 
y 3y*»#SK2 0rtirit*i-5r tSrfliSO-rsfcai!) 



(9) 1#ffl2 000-332009 

16 

[0 0 5 2] [* 1 ] 

-vf # pKIA : 1 kW 

9 Pjgi^^tS: : 2. 45GHz 
^tf^Kfi; : 0. 4SLM 
JE^J : 0. 1 6 P a 

SIMS : £S (2 5° C) 

[0 0 5 3] [XS- 160] #:*#Ag|$ 16 

C^&^&a^l 0— O^^^O^ASr^ihL. 

*«jebfc*6tf. ii^si4SLMt5m m 

• [0 0 5 4] [Ig-17 0] ^Ol, ^XvMg 
¥#ftjf (AflcW^tt, S/J3y*|#lfi2 0)'t» 

^ ii^ji tc*3v^xfi>Ky v-y =>-S) Src vDjfe^x^B 

VttAffiWJ-S<5#, pft^/HMOS F ET(Dtz#) 

tztfxny- bm.m—v ^^tt^ALfc^. v-y 

12 2±{:, p f t^^SMO S F E T (DfztfXD p Jf^^F 

&*5 h t« 2 3 t»rtt5 r i: i*-Ct 6 (H12C0 
(c) MR) 0 flf-arT, y-Mft»K±^ n^-r*/u 

iMOS F E T <Dtztb<D nm^%&%Q$:*a&i/ ] J ^VJS 
(A#«l:ii*y^5 3y|) 

[0 0 5 5] [Ig- 180] fOf, teftHDt&m&m 
-/U2 4^Mt5 0 *V^T% V-VKK>«2 

5 ^jF^/*i-5/c^^, ^toyy^77>faMw^ 

yiiA5«^l^#, pft^HMOSFETeM 
/HMOS FETSr^figf^^^y >^f^Sffi^>ffl 

2 6S:CVDSl:tMU y-VKWy|«2 5 

rt^"atfgp«i*&jte2 6 <D±{cm$kmm* 

TB»2 7firng*U 02(7) (D) fc«iC»fc-»»rB5 
SO — h^Sis^r^i - ^ CMOSFET Iw^ott p f"f 
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MOSFET) Srm-SCitfS-C-t 5 0 

[0056] &mm 2 ) 2 nmmm 1 ©sejk-c 

*>5o Hffi0i|ll-*J^TI±->y 3>*^«:S«2 0 3:8 
0 0 ' C KAlJRi LfcttflTC't'T o S?* = ? * IMk8Hw-C 

sy^itftftK*^*, 2smtome.*iftb. bp*>, si 

>ttfMI * 5 flt* «tHME b ft v ^fi&fSB K ¥ 

LTBMb*ISrJ»J«i-S* LOKftMBiftX 
Si, tr±lt«(ili-*IKT' 

fr ft 5 £ T'^kSI £ 5 \zM&1r 5 IB 2 oKfblBKjft IS 
ft, HJ6^J2{cfcv^rtl2! U^L-fcT' 

m+nmmjjfc r^r/^- h«it&w 

t5CMO S FETtJofte pft^HMOSF E 
T) 

[00 5 7] [IS- 2 00] 5fe"f N 2gi£0iJ 1 <D [II 
-100] i^oiSSr^fftS, 
[0 0 5 8] [Ig-2 10] SC, i/Day^S 

4 ot@*Uj:v>SI*>f)«IAU ^tff- h 4 4K$B 
-T5. fSk SSMk*F3 0~.#*igAgB3 2^P>^3B^^=S: 

Sr^L-Ct-^ 3 4»c±o-CiWt:jP3 0rtO#H«ffltf 
£3 5 0* Clci^-rSo ft, rw^»i*3V^Tf4, ~> 
-V — 3 5liMCr*i< 0 
[0 0 5 9] [IS- 2 2 0] tLT, j£KttAttifft4 
0^©->!l =>v#j»«sS^2 0(7)^A/ii s ^T Lfcih H 
^LftvJf&M*, S4£SSAti3£|S4 0(r#**AgP4 l 

1S«SAmgC4 o^^^m^^#ffl^tt-S„ fS4, StEtt- 

.Kd^lxtf 1 0 0 p p m^TirftofcftPjlJ, StEJ&A 

3 S:f^»*-a-r^#— h 4 4 &_k#£-t»: (±#iSS : 
2 5 0mm/») N -> y a >-^ig#:S« 2 0 ^^liffl 

-fi«*i£<£>$Hk*F3 orticj&A-f S„ x^-^«f 

\C&iX&it&3 0 £XffittAttlSB4 0 tWFtSlfiiiii L 
ft< ft 5„ 8*rfk*F3 0l*W#iatU&&(4k-* 3 4 tr4 

or 3 so" cirGMssax-civsw-e, Ep*,;->y3y 
#ia^}at{-K-fk*F3 ort^R^^*tTv>6wT\ v-y 

a 2 0 0>*BK3fcfta*3B£i-« r t SrttilM 
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[0 0 6 0] [Ig- 2 3 0] cy a >^f£ 

. StS2 Ol75Sffi^^■«L-fc*^ ; f•7JSflftgflL-ft^^#|ffi^ 

2 0) «J*B*j»»flS-rS-i:^J:o-CiMb)lll«r»j*i- 
5. AfcWKtt, #IS^rfi*&3 5 0° CKfiMfU 

.tS2o) (ommi'-^v ^^mtrnzmfc-tZo m&&]2 

fc:*iV*-Ctt. Btf-5 2. 53^ LT*$$!^ 5 0 ftf'gfc 

5 1, #*»S!Jg3 lRt/^^«ASP3 2£- 
fl- LTSfcfkJF 3 0rtl:#AU, /^Bi?*s^iftfe 
i;io-c->y 3>¥W«:lffi2 oof BW?^ 1 . On 

'[006 1] [*2] 
tK^^SSS : 5 S LM 
®?*#*»fci; : 1 0 S LM 
: 7 5 0 V C 

20 [0 0 6 2] [Ig-2 4 0] t©!, ftf 3 0^ 

roS^^ro^fASrf-ihU *®t£#* mm?*) 

idf 5 2, ^^5 0, 1^5 1, #*»ftgg3 l'jft 
JUAgfl 3 2 ?r^LtlfcP3 0 F*9(r#A L-ft a* 

if 36^btt-^34tJ;otlO° C/#CD#?- 
?&AKT* 8 0 0 ° CSt-#fit5, [16-2 3 0] 
T¥*fl«ro*BfcH:fiitftRi: L-CbflMB-rSfeflsKiftS 
gE^fifc&ftTVSW-C, " (75 [Ii-2 4 0] (C*JV^ 
t, (->!) 3 ^fff:S«2 0) oSfBKMtb 

.?0 tfS^-f-Siirfiftv^ 

[0 0 6 3] [II- 2 50] ^ftlroSI^P,.*^ 

(3?JS#J2{-*5^TI4 8 0 0" C) (^•fk^3 0rtO# 

let, ^'ni?xsy^«ftJ6lcJ:oT, XKBftJH* 

fi, if5 2, 5 3 LT^M^ 5 0 rtfC^ 

^Xtf**^4r«t*&U MS^5 0rtt?^L.fc* 
ftfttrBffSl, ^f^»SS§3 l^.t/^^«Ag|5 3 2 Sr^ 

±otfS*l (v-y 3yMftSS2 0) <D*ffifCi^ 

ii8oo- o «, *m#m<ommiz.tik<tm<nBfi%*ffl 

tt-*-*B<o#Hft[Jft* (*ite«2U*iv^-cr±3 5 0°' 

C) 4 <9 t>«V\ 

[0 0 6 4] J^Jit-4<?, ^W»:e»*ffi«-*>*ft5SS{k 
50 f^**T5*Jj<— h44 SrTR**, El^ Uft 
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[00 6 5] [IS- 2 6 0] BPo, -t*>t£. tK^^c^) 

OrtCSALoo, IMbJIP3 0O#B«lttflES:t — #3 
4{cJ:oT8 5 0° c^t'Mt^, ^com, ifcft** 
£0. l$t%ttt^ti^^M3 2^b 

»3o«au 3om *U»»a*^5. ^ 

«P&> g*HWF3 Ort£^lSt;tf"*#ffl^<*: U ^ 
w<-*«#4 3 Sr»fPS-&T^2R- h 4 4 £TI*£ 

[0 0 6 6] [IS- 2 7 0] SUSfiW 1 CO [IS 

-15 0]- [IS- 1 8 0] SrHfH-£r kio 

[IS- 1 3 03 ^tr 

[0 0 6 7] GHifc0ij3) *Mi«3^*5V>Ttt, /^o 

W 3 o«Moj8**ftitf p «^W#*^«>14J6*tt 
(M,»tfy\a*s f^T/^-hMSrttSCMOSF 

ETl^joft^ p^^/U-SlMO S F ET) ^tft^i-^ 0 

[0 0 6 8] [IS-3 0 0] 5fci\ 3M6«irc> [IS 

-loo] tmmojLm&mn-r&o 
[0069] [is-3 i o] 

i7^^fflt^ («x.tf**^) ^lliort 

[0 0 7 0] [IS- 3 2 0] ^rlRffl^^ £ L 

WASr't'BrU #*3JfA« 1 6 ARXftf^mAfiH 1 6 B 

tJHtT. h d y i 5 l:^^f ^ p^IMML, 

hpyi5 ^T^JBKLfc 1GHz nm 100GH 
z (D-^-f ^ Pffi 2. 45GHzW-7^f^D 

tt) ««:^>f * 1 4 Zfr LtMi 1 0 <F>7 

7XvM«l0.Al:i|At6o ItLiaot, BP 

ciot, xa^st (2-D — (2-4) cos/^, & 
tfS; (3) . s; (4) ogis^ti:, 

X-rftifflfflAS 1 0 BKSIigU APiSft^grl 2icJ:oTAn 
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SRSJxfc^WIWi (*#ttfcf4->y =v¥W*««2 

o) ^*B^»{b**L5o 
T^*3^j*-rs 0 

[00 7 1] [« 3 ] 
W * : lOkW 

-^^o«JS««:2. 45GHz 
^Ifttf*^* : 10SLM 
70 7k3S#*8ftfi : 0. 2SLM 
mfcU$[ : 8 0 0 ' C 

[0 0 7 2] [Ig- 3 3 0] tOS, hn^l 
5— <D-*4 9 » M110^*i^ 
&tfK3ff;tf*<^A£*ltU ^iA»17^6W 

35»&<o'^ffitt^f^<7>«.a!*i ort^^A&^Jt-rso 
«At5o Wt, ^hpyisicw^pjfis^ 

*0 S:«I&U v^KP^lSCT^LfclGHzM 
lOOGHz^v^^pjS (fflz-l$, 2. 45GHzW 

i£<D:£ (1-1) - (1-4) (7>KJfcKT£/SLrt:rafi 
tttB^oSE*^, IM^^y, *«]K : P*U<tt* 

SigJjcl 0 Bfc«*U B6{bK^«af^SftS*tSo 7" 

50 tf«tV> 0 

[0 0 7 3] [IS~ 3 4 0] -tom, SlJS^J 1 <£> [X 

S- 160] - [IS- 18 0] &nrr-tZ> liliio 
-C, pS^S^^srims, %ttffl3 

k:*ivvt:t>, ^9x^ieft;ife^k<j§r*as«2*c-ciiiw 

[0 0 7 4] J^X, LV^||J»«^cS<5#R 

« its »{b«»*S6B^«3tttW*^fc9. iiH^Hi- 

[0 0 7 5] 0iJx.fi, 3llfe#J 2 <£> [XS- 2 4 0] \C *5 
V N T, 8ftP3 0rt^ia^©»AS:*±t5-i: 

v/ypyM*SS2 0Sr8 0 0' ctt*lt 
Tfc«tt\ mm&\2<D [is-2 6o] ^r^ov^ 

or 8 5 0° cs-ejwi/t^ *oft*>9ic, 

50 tftt*^) S:^^»A»3 2^b«<b*F3 OrtlcWA 
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loo, ^>¥m&m&2 o<Dum*mm^mc£ 
oT8 5o° ci-e#aLttj:v\ e^tt. mi<om 

[oo 7 6] mmmic&^xi^ fb^^^tM 

1-Z>ZbbX-$Z> 0 feSV^iX. SO I«jgl£:fctt5^ 

tsc*^a:*:»t-c*<, l**^*^***^^^^ 
[0 0 7 7] fcsvMix, ^S&Wc^v^t o . 

itt»T»ft««?«S6B*^*Ai-*^te^ El 4 [CSS 
HSr*^J:5^, -«a5*»3eB. »ft:K»AISjl*. MB 

[0 0 7 8 ] fcSVMiX, 0. 1%:7 Wt**»;icigiK 

«'**»^'<t o T ^*($:S^«ffii5Er^^ff o T t> J: V \ 
t^o *5K«|«t5*ftKT, ifrfbTkSt 

"^ffift^T^^lbMtSSE^KBrtwSHa^Mjai 
Wilf 1 . 3 X 1 0" 1 P a (1 0" 3 Torr) Mi£<E>X£# 

mnt in x\,\ mmmm^<Dnm^mmnm 
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»B*«©#H**:«x.tf 1. 3Xl0 _1 Pa (lO" 3 To 
rr) U&(OM^m^,t Ltfct, ^*f£S<Dfi8AS£T 

[0 0 7 91 »4] 

fek^ 7 -/{kTK^^^ : 3 0 0 S C CM 

* ? J — : 8 0 S C C M 

'g.mtfX : 1 0 0 0 S CCM 

JO K.f] : 0. 3 P a 

WlM : 6 0 4 C 

[0 0 8 0] [* 5 ] 

mtfam#x/&m#x : i 

ffl* : 8 0 0 " C 

[0 0 8 1 ] rtlb^MiftSl^aoT, R 

100 8 2] jfeliK«Lfc±)K, ^X^gKbSfcSrfiS 

Mil i ort^sitAL. awM£*a-i-ar. k\z£^xm 

x.tf, ^Mi^j30 [Ig-3 3 0] KlJoV^-C, tf^mA 
gpi 7 1 0 rt^0»Jx.fiiKfi: l 0 S LMgd^IR 

30 tefrb. #^iAS'l 6A^f)^lf 1 Ort^MO. 
2SLM(^7k^^iAL, ^(Dt, W^W^iA 
Si 6 BJO^MSI OrtKWjtfiScft 1 0 S LM« 
*#*OWASrM*&U SllwWtt^^iDMi 
Ort— (D^CASr^ihi-nfictv^ SKv^^hPV 
1 SIc^^dSI^H^U v^hpyisct 

S^S^ 1 4 ItMl 1 0 (D-fy 1 
[0 0 8 3] 

5(7 T\ ««EB»ffi^<oiST*w^W»*^4#tt^«»» 



(13) 



23 



[0 3] ^n^x^^SftttCS^JIftjg^M 
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[■4] ^7^?-y-/u81O««Ht*)S 0 
HffolM!] 

io - • • ioA- • • :/9;*>3fcjSiH*6„ i 

0 B ■ • • /7X"7^IH 11 ■ • • ^X — v\ 1 
2 • • • AP£&#^\ 1 3 ■ • • tifcGs 1 4 • - • 9 

1 5 • • • hpy, 1 6 A, 16 

B, 1 6C, 1 7 • • • #*>HAgP. 18 - • • 

19 • • • fc — 2 0- ■'—>]; ny^fflcS 
*U 2 1 • ■ • 2 2-.. Ifitkff C^- 

M6»J») s 2 3 • • • hmm, 2 4- • - f^K 
25- ■ -y-VKKy*«, 26 • • 

• ewif&isB, 27-- 
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7oy h-<->><7)$g£ 

F^ — 5F040 DA19 DB03 DC01 EC07 EDOO 
ED01 ED05 ED06 EF02 EK01 
FB02 FCOO 

5F048 AA07 AB01 AC03 BAH BB06 
BB07 BB09 BBil BB12 BC06 
BG12 DAOO DA25 

5F058 BA01 BA20 BB04 BD01 BD03 
BD04 BD06 BD15 BE03 BF51 
BF52 BF55 BF61 BF62 BF63 
BF65 BF68 BF72 BF73 BF74 
BH01 BH02 BH04 BJ01 



